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Abstract:  Potassium titanate (K2O·6TiO2) whiskers-reinforced Al-12Si alloy composites were prepared by 
the squeeze casting technique. Wear properties of the composites were investigated by pin-on-disc tests under 
dry conditions. The experimental results showed that K2O·6TiO2 whiskers can effectively reinforce the matrix 
alloy and improve the wear resistance of the composite when the volume fraction of whiskers is low at 10 vol%. 
However, the composites with a high volume fraction of whiskers showed lower wear resistance than the Al-12Si 
alloy. The main wear mechanism of the composites is clarified as de-lamination and abrasive wear. 
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M
etal matrix composites (MMCs) have found increasing 
application in the automobile and aircraft industries. 
Aluminum alloys reinforced with whiskers form a large group 
of these MMCs. They can easily be produced by squeeze casting 
technique or powder metallurgical process. Aluminum alloy-
based composites are always used in the fabrication of such 
parts as pistons for diesel engines, cylinder blocks and cylinder 
heads 
[1-4]. SiC whiskers are commonly used to reinforce 
aluminum alloys on account of their high strength and 
modulus, and low coefficient of thermal expansion (CTE) 
[3, 5].   
However, their high cost has precluded industrial applications 
of SiC whiskers. In terms of economic considerations, it is 
more cost effective to use potassium titanate (K2O·6TiO2) 
whiskers to reinforce aluminum alloys, because the price of 
K2O·6TiO2 whiskers ranges from one-tenth to one-twentieth of 
that of SiC whiskers
[6]. Another advantage of using K2O·6TiO2 
whiskers is that their hardness is not so high as SiC whiskers; 
thus potassium titanate whiskers-reinforced aluminum 
alloys can be machined easily with ordinary tools 
[6-8]. In the 
present paper, the wear properties of K2O·6TiO2 whiskers-
reinforced Al-12Si alloy composites were studied and the wear 
mechanism was elucidated.
1 Experimental procedures
1.1 Materials preparation
K2O·6TiO2 whiskers were received from Jinjian Composite 
Co. Ltd., (China), the specifications are shown in Table 1. 
The matrix alloy used in this work is Al-12Si, having a 
composition (by wt.%): 12.0%Si, 1.0%Mg, 0.8%Cu, 0.04%Mn, 
1.0%Ni, and Al balance. The whiskers were ultrasonically 
mixed with distilled water, silica and additive; the slurry 
was poured, under pressure, into a mould containing many 
fine openings. The preforms were produced by sintering at 
850 ℃ in an oven. The K2O·6TiO2/Al-12Si composites were 
fabricated by pouring molten alloy at 750 ℃ by the squeeze 
casting process. The preforms were preheated to 600 ℃. The 
metal mould was preheated to 400 ℃. The squeeze pressure 
was held at 100 MPa for 45 s. The squeeze casting furniture 
is illustrated in Fig.1. The volume fractions of K2O·6TiO2 
whiskers in two kinds of samples were 10 vol% and 20 vol%. 
The Al-12Si alloy sample was fabricated with the same 
Fig. 1: Schematic diagram of the squeeze casting furnitureCHINA FOUNDRY
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furniture and process. The samples were 120 mm in diameter 
and 40 mm in height. The microstructures of the composites 
were investigated by scanning electron microscopy (SEM). 
Rockwell hardness measurements were carried out using an 
HR-150 sclerometer.
1.2 Wear tests
Dry sliding wear experiments were carried out on a standard 
pin-on-disc machine (type MG-2000). The pin specimens were 
6 mm in diameter and 12 mm in length. The material of the 
counter disc was made from ductile cast iron with hardness of 
HB206. The roughness of the disc surface before the test was 
0.8 mm. The worn surfaces and longitudinal cross-section of 
specimens were observed by SEM and optical microscope. 
The wear properties were evaluated by changing the normal 
load. An electronic balance with weight accuracy 10
-4 g was 
used to measure the weight of specimens.
2 Results and discussion
2.1 Microstructure and hardness
Figure 2 shows the typical microstructure of the K2O·6TiO2/
Al-12Si composite with 10vol% and 20vol% K2O·6TiO2 
whiskers. It can be seen that stick-shaped whiskers are 
dispersed uniformly in the matrix alloy, and there is little 
agglomeration of whiskers in the composite. The orientation of 
the whiskers is random. 
   Material            Diameter              Length           Density        Tensile strength           Young’s modulus              Hardness                             
                               (mm)                   (mm)             (g/cm
3)                (GPa)                         (GPa)                           (Mohs)
  K2O·6TiO2           0.5–1.0        10–40              3.3         7          270              4 
Table 1: Specifications of the K2O·6TiO2 whisker
 [6]
                                                        (a) 10vol% composite                                                  (b) 20vol% composite
Fig. 2: SEM micrograph of the K2O·6TiO2/Al-12Si composite
Figure 3 compares the hardness of the specimens. The 
hardness of the K2O·6TiO2/Al-12Si composites is higher 
than that of the Al-12Si alloy, and tends to increase with  the 
volume fraction of whiskers rising. This can be ascribed to 
the randomly oriented K2O·6TiO2 whiskers increasing the 
resistance to plastic deformation by preventing grain boundary 
sliding and dislocation moving.
2.2 Wear properties
The effect of applied loads on the weight loss of the Al-12Si 
alloy and composites is shown in Fig. 4. It is evident that at a 
fixed load, the weight loss of the composites increases with the 
volume fraction of whiskers rising. 
It is interesting that adding K2O·6TiO2 whiskers into Al-
12Si alloy is not always advantageous to reducing weight 
loss during the wear tests. The weight loss of the 20vol% 
Fig. 3: Hardness of the Al-12Si alloy and composites
Fig. 4: Dependence of weight loss on normal loads for
            Al-12Si alloy and composites
(sliding velocity: 1.5 m/s, sliding distance: 500 m)Research & Development
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composite is greater than that of the Al-12Si alloy. 
However, the 10 vol% composite exhibits the best resistance 
when the load is higher than 40 N. The weight loss of the 
10vol% composite decreases about one-fourth than that of 
unreinforced alloy at a load of 60 N. In general, the increase of 
hardness is good for wear resistance
 [9], but the K2O·6TiO2 /Al-
12Si composites don’t fit this rule.
2.3 Metallographic observations
Figures 5(a)-(d) show the SEM micrographs of worn surface 
of the specimens at a normal load of 50 N and a sliding 
velocity of 1.5 m/s. As shown in Fig. 5(a), there are triangular 
pits on the worn surface of Al-12Si, indicating the feature of 
adhesive wear 
[9]. Figures 5(b) and (c) suggest that the worn 
surfaces of the composites are characterized by grooves that 
 (a) Al-12Si alloy; 
(b) 10vol% composite;
(c) 20vol% composite;
(d) A magnified image of the  square region shown in Fig. 5(c)
(Normal load: 50 N, sliding velocity: 1.5 m/s)
Fig. 5: SEM micrographs of worn surfaces of specimens
are parallel to the sliding direction. Figure 5(d) is a magnified 
image of part of Fig. 5(c). It reveals that there are cracks on the 
worn surface. Such cracks may result in de-lamination from 
the worn surface. 
The microstructures of the longitudinal cross-sections of the 
specimens are shown in Figs. 6(a)-(c). A deformation layer 
can be seen in the top surface region of the pin specimens. It 
can be seen in Fig. 6(a) that the eutectic phase of aluminum 
and silicon in the subsurface layer was deformed dramatically 
during the wear process. The deformed phase tends to align 
itself in the sliding direction in the surface region. For the 
composites, this layer is relatively shallower than that of Al-
12Si alloy. It is obvious that the K2O·6TiO2 whiskers have 
obstructed grain boundary sliding and relieved the shear strain 
in the deformed surface zone, resulting in increased wear 
resistance of the composites. This can explain why the 10vol% 
composite has better wear resistance than the Al-12Si alloy. 
However, the wear performance of the composites decreases 
when the volume fraction of whiskers is higher at 20 vol%. 
The reasons are attributed to two factors. Firstly, the matrix 
alloy is probably discontinuous in local regions when the 
volume fraction of whiskers is at 20vol%, so that cracks can 
initiate more easily from internal discontinuities. Secondly, 
the subsurface layer experiences cyclic stress during continued 
sliding between the pin specimen and counter disc, which 
helps the development of cracks and subsequent de-lamination 
of the deformed layer from the pin specimen’s surface. Fig. 
6(c) shows that a piece of deformed layer has de-laminated 
from the pin surface. 
Based on the above analyses, it can be concluded that the 
wear mechanism of the K2O·6TiO2/Al-12Si composites is 
de-lamination and abrasive wear. Furthermore, we suggest 
that, when the volume fraction of whiskers is 10vol%, the 
K2O·6TiO2 whiskers are an effective reinforcement and can CHINA FOUNDRY
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improve the wear resistance of the composites.
3 Conclusions
(1) Sliding wear tests at room temperature indicate that the 
volume fraction of whiskers has a marked effect on the wear 
resistance of the K2O·6TiO2/Al-12Si composites. The 10vol% 
composite exhibits better wear resistance when the load is 
more than 40 N. 
(2) Micrographic observations of the subsurface region 
reveal that the worn subsurface of the Al-12Si alloy has 
a deformed layer. The deformed layer consists mainly 
of the fragmented eutectic phase. The deformed layer of 
the composites is much shallower than that of Al-12Si 
alloy because the whiskers can act as obstacles to plastic 
deformation of matrix alloy. 
(3) The main wear mechanism of the composites is de-
lamination and abrasive wear.
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Fig. 6: Optical longitudinal cross-sectional micrographs of specimens